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H3o6peTeHne othocwtca k cnocofjy no/i- 
yneHHfl 3/ieKrpoAa nnst wcno/ibsoBam/iH c 
Me/ibK3 KO/iiiMecTBeHHoro onpeAenemin 1,4- 
AurwflpoHMKOTMHaMMAa aAeHMH AHHyK/ieoTw- 
Aa (NAflH) b pacTBope. 

NAflH w ero OKucnenHax Konun NAfl ab- 

/tfllOTCfl KO(|>aKTOpaMM BO MHOrMX KaTa/1M3M- 

pyeMwx . <{>epMeHTaMn owcnvnen bHo-Boccia- 

HOBMTe/lbHblX peaKUMJIX. B HeKOTOpWX H3 HMX 

tJ>epMeHT.aTMBHbi«cy6cTpaTOKMcnneTCH b npw- 
cy-rcTBiiM Ko<J>aKTopa NAfl b noAxoAfltnefi ok- 
CMA33e m/jm AernAporeHa3e ao no/iyneHWfl b 
pacTBope NAflH, b Apymx - <J>ep M eHTa™BHbiii 



(54) CnOCOE nPHTOTOB/IEHMR 3/1EKTP0- 
AOB Ann KO/IHHECTBEHHOrO 371EKTP0- 
XMMHWECKOrO OriPEflE/lEHUR 1.4-/1M- 
rWflPOHMKOTMHAMMAA A/JEHUH 2n- 
HYK/lEOTHflA (NA/JH) B PACTBOPE 
(57) Mcno/ib30BaHMe: aHa/inTuwecKan xmmha, 
aHa/iMTimecKas 6noxMMna. CymHocTb M3o6pe- 
TeHMfl; KOHueHTpauwio NAflH B aHa/iKi3wpye- 
mom o6pa3ue onpeAenjjioT mctoaom 

3/ieKTpOXMMMMeCKOrO OKMC/ieHMfl. npM4eM B 

KanecTBe 3/ieiorpoAa ticrto/ib3yioT CB*3aHHbifi 
CMO/ioii c/iofl yro/ibHbix m/ih rpa^MTOBbix nac- 
tmu, coAep*am.Mx TaKxce nacTnubi rmaTHHw 
wnw nannaw*. Ha 3/ieiapoAe Taioxe Moryr 

6blTb MMM06M/IM3MpOBaHbl NAfl-3aBHCHMbie 

<})epMeHTbi u NAfl. 4 3.n. «|>./i Ul 1 T a6/i.. 10 Mfl 



cy6cTpaT BoccTaHaB/iMBaeTca b npMcyTCTBMM 
KO<|>aKTopa NAflH m no/iynaiOT pacTBop NAfl, 
Bo MHorux cnyHaax onpeAenemie KOHu.eHTpa- 
qww NAAH mojkho ncnoflb30BaTb KaK mhahk3- 
top KOHueHTpauuM cy6crpaTa K 3k 

CpeACTBO A"" OTCUe»MBaHMfl 0epMeHTaTMB- 

Hofl peaxqwi*, b KOTopyio Boa/ieneH NAflH (m/w 
NA,£J). 

MaBecTHo, mto KOHLiem-pamifo NAflH b 
pacTBope mojkho onpeAe/iMTb KO/iopuMeTpn- 
MecKM, ho KO/iopuMeTpMMecKne cnoco6bi b 06- 
uteM HeBbiroAHbi. 3HaHn T e/ibHO 6oyiee 
BbtrOAHbiMM SB/iamca 3/ieKTpoxnMHMecKwe 
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cnoco6u, ho flo cnx nop nonui km onpeaemm. 
NAAH aneKTpoxMMMHecKMM cnoco&OMHe flo- 
CTwra/iw ycnexa, H3BecTHO. HanpwMep. mto 
KOHueHTpauMto NAAH moxho onpeAe/iMTb 
aMnepoMefpv»MecKMMcnoco6oM, npn kotopom 
NAAH okmc/wiot Ha 3/ieiapoAe npn <t>MKCnpo- 
BaHHOM KdHTpo/inpyeMOM noTeMMMane. npn- 
M6M tok, npoxoA«mM« npM noAXOA«mwx 
ycnoBWfix; riponopUMdHa/teH ko h ue HTpa ijhm 
NAAH. K co>Ra)i#HMio; a/ietapoxMMMMecKoe 
OKHC/ieHwe NAAH Tpe6yeT aucoicoro CBepxno- 
TeHuna/ia m NAAH o6hmho He 0KMc/weTC» He- 
nocpeACTaeHHo Ha noaepxHoCTM 3/ieiapoAa. 
HanpMNiep, ao mhoi-mx c/iyManx noBepxHOCTb 
aneKTpoAa 6ucTpo buxoamt M3 crpo* M3-33 
o6pa30BaHM« Ha Hefl n/ieHtcii, KOTopaa OKaau- 
BaeT BnnBHwe Ha ae/iMMMHy w CKOpocTb a/ieicr- 
pOXMMMMeCKOM peaicuMM (1). 

npeAfipMHHMa/lOCb MHOJtceCTBO nonwTOK 

npeoAO/ieTb aiy npo6/i6My. HanpwMep, 6b»io 
npeAto>KeHO Mcno/ib308aTb moam'I'mijm poBaH- 
HWe 3fleKTpoA«. noKpwTwe cnoeu npoBOA*- 
tyMx 'opraHMHecKMx co/iefl. KpbMe Toro. 
npeAflara/iocb McnO/ib3oBaTb aAcop6wpoBaH- 
Hwfl peAOKC MeAwarop, Taxofl tcaic Me/ibao/ia 
cwhmm, una Toro, mto6w donee 3<|><(>eKTMBH0 
npnB«3aTb peaitMKK) OKMcneHMJi k s/iekTDOAy 

M/mJIM CHM3HTb OKMC/lMTe/lbHUM nOTCHUMa/i 

(2). B APyrwx c/iyMaax peAOKC MeAMaTOpu mc- 
no/ib30sa/ivi b cbo6oahom pacTBope. Hanpw- 
Mep. m eTOKCw <{»eHa3MH MeTOcy/ib<|>aT 
>cno/ib30Bann c M0An<t>MUMp08aHHbiM nMpo- 

JIMTMHeCKMM rpa<|>l1T0BblM 3/ieKTpOAOM. APY" 

rue SKcnepuMeHTU npoBoAn/in c n/iaTMHdBUM. 

rpa<J)MTOBblM 11 CTeK/lflHHWM yrO/IbHWM 3/ieKT- 

poAOM, oahbko cnoco6 6wcTporo m BOCnpon3- 
BOAMMoro onpeAeneHMn NAAH ne 6bin 
pa3pa60TaH. 

Uenb M3o6peTeHM« - noBwuieHwe onepa- 
UMOHHOM CTa6MflbH0CTM 3/ieKTpoAa. 

B cooTBeTCTBww c HacTOHiUMM M3o6peTe- 
«weM o6Hapy>KM/iM, mto NAAH m NAAPH Moryr 
6uTb OKucneHbt c xopoujmm aMnepoMeTpvwe- 
ckmm oTBeTOM m npM noHMweHHOM nepeHan- 
pjDKeHnn npw ncno/ib30BaHMH a/ieiapoAa ms 
aKTMBwpoBaHHoro yr/is TaKoro Tuna, KOTopuPt 
Mtno/ib3yeTCH b TexHO/iorwn ToruiMBHoro ane- 
MenTa vi KOTopu« BK/noMaer reTeporenHbiCi 
CBfl3aHHUM cmo/io& c/iofi 6/iaropoAHOro Me- 
Ta/ina, coAepxatUMft npeAnoMTMTe/ibHO nan/ia- 
AMpupoBaHHue M /in nnaTMHM3npoBaHHbie 
(3tot TepwMH BK/iK)MaeT MaTepMa/iw, coAepjKa- 
mne okcmaw n/taTMHw m/m/im nannaRvm m/im 
o6pa3oeaHHbie mmm, a TaKxe MaTepviaiiu, 
BK/iioMaidmvie MeTa/i/iiiMecKwe nnawHy m/im 
nan/iaAurt v\m o6pa6oTaHHbie mmm) MacTWitw 
rpa<|)MTa mw yr/i», CB«3aHHwe HaTypaiibHOR 
myi CMHTeTimecKOfl cMonofi, npeAfiOMTiiTe/ib- 

HO CMHTeTMHeCKMM ri1APO(J>o6HblM CBfl3yiO- 

U4MM, TaKMM k3k <t>TopoymepoAHafl CMona. 



Haw6onee npeAnoMTMTeneH nonnTerpa^Tops- 

TH/ieH. 

C/ieAOBaTenbHo, no cbomm ornmmenh- 

HUM CBO^CTBaM B COOTBeTCTBMM C HaCTOfllAMM 

5 M3o6peTeHneM npeAnaraeTCB cnoco6 no/jyMe- 
hmb aneKTpoAa A"« Kp/iMMecTBeHHoro a/ieia- 
poxMMMMecKoro onpeAefleHMfl NAAH m 

NAAPH, BK/llOHaiOUltlft M0AM4>MKaHMI0 3/ieKT- 

poAa M3 yrnepoAHOrq MaTepwa/ia npw noMomw 
10 aACop6uMM NiaTepna/ioa, KOTopwe yMeHbiuaioT 
nepeHanpaxeHwe aneKTpooKuc/iMTe/ibHoC* pe- 

aKUMM. !/ICn0J1b3yi0T CBfl3aHHbtft CMO/IOA c/io(i 

MacTMU ApesecHoro yrna mvi rpa<J>MTHux nac- 
Tvm paaMepoM ot 5 ao 30 hm b KaneCTBe yr/ie- 

15 poAHoro MaTepwa/ia, a Macmubi n/iamHw v\m 
nan/iaAMfl, n/iw okhc/iob nnaTMHw wnw nanna- 
AMfl Kon/ionAHoro pasMepa ot 1,5 flo 2,5 hm 
McnonbayiOT b KawecTBe MaTepwanoB, KOTopwe 
CHwwaiOT nepeHanp«)KeHMe aneKTpooKVic/iw- 

20 Te/ibHOft peaKunn. 

CB«3aHHbii5i cMonoA cnoto n/iaTHHM3npo- 
BdHHbix m/im nannaAHM3MpoBaHHbix MacTny 
yr/in mw rpa«J>wTa Mower 6biTb caMocTOATe/ib- 
hum, ho MacTO y Hero MMeeTc» noA"o>KKa, 

25 npeAnoMTMTenbHO sfleKTponpoaoAHafl *» 
npeAnowTMTenbHo cno« 3neKTponpoBOAHo£» 
yroiibHoft 6yMarn, c KOTopoft CBn3aHbi nna-ru* 
HM3npoBaHHbie vmw na/inaAH3npo9aHHue 
MacTMUu yrnn mam rpa4>MTa. KaK noBepxHOdT- 

30 Hbttf ciioA, m/im nponMTaHHan yro/ibHan bo- 

flOKHMCT3J« TKBHb. HeCMOTpfl Ha TO, MTO 

npeAno4TMTenbHbi nnaTtiHMStipoBaHHbie mvt 
nannaAnawpoBaHHue MaTepwanu, mo>kho mc- 
nonbsoBaTb m aneKTpoAu n3 aKTMBwpoBaHHoro 
35 yr/ijj, coAep«aiuMe Apyrwe 6naropoAHwe Me- 
rannu, HanpuMep 3onoTOCOAep»:aiuMe. 

TepMMHW "nnaTMHM3MpoBaHHWM" m "ha/v 

/iaAM3MpOB3HHWCl" BK/1.K)HatOT TaK^e M OKCM- 

A«- 

40 TepMMH "aKTWBKpoBaHHbifl" yronb, "aKTu- 

BMpOBaHHWM" rpaiJ)MT M T.n. OTHOCJJTCfl K BblCO- 

KonopMCTONiy, c 6onbiiioM nnomaAtio noBepx- 
hoctm yronbHOMy m/jm rpa(J)MTOBOMy MaTepwa- 
ny.c nnoiuaAbio noBepxHOCTM 50 m /r v\nv\ 60- 

45 nee.,, name 6p5biue , 200 M 2 /r, HanpMMep 
20Qr600 M 2 /r m/im 60/ibiue. MaTepManw c 
TaKo'i* bonbiiiOM n/iomaAbto riosepxHOCTM no/i- 
yna/iM, HanpMMep, nyreM TennoBOM o6pa6oTKn 
yro/ibHbix Mnki rpa<t>MTHbix nopoiUKOB b noTOKe 

50 C0 2 . 

KpoMe yxe nepeMMC/ieHHwx npeMMy- 
inecTB, a mmchho cTa6w/ibHOCTM, BOCnpbM3BO- 
Ammoctm m KopoTKoro BpeMeHM OTBeTa, etue 
oahmm npeMMymeCTBOM HacToniUMX MaTepMa- 
55 /10B AB/ineTcs? to, mto mx mojkho Mcno/ib30BaTb 
A/i" OTc/ie)KMB8HMn KOHqeHTpauMM NAAH npn 
cpaBHMTe/ibHo hmskmx noTeHUMa/iax, HanpM- 
Mep 0-600 mB, m/im Aaxce npM OTpnuaTe/ibHwx 
noTeHuwa/iax co CTaHAapTHbtMM Ag/Ag CI 
3/ieKTpoAaMM. npoTMB 750 mB. ynoMMHaeuiMx- 
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ca euuie pp* OTcnexuBaHMfl KOHueHTpaqnn 
NAflH c Mcno/ibaoBaHweMCTeKfljiHHbix, yro/ib- 

HWX M/IM rpa(|)MTOBblX 3/ieKTpOflOB. 3/ieXTpOAU 

HacTonujero M3o6peTeHMf? xapaicrepM3yioTCH 

OTHOCMTe/IbHO HM3KMM oGpaTHHM TOKOM M n0~ 5 

3T0M.y noeuiueHHOH HyBCTBMTe/ibHocTbio. 3tm 
3/ieKTpoflw T3K)Ke xapaxTepM3yiOTCfl c/ia6ofl 
peaKuneft Ha noTeHitMa/ibHo BX0A«ii4Me nacTH- 
Mbi. TaKMe K3K MoweBan xnc/ioTa, Macro npncyr- 

CTByiOlUlie B 6MOflOrW4eCKMX M/1M K/1MHMMeCKMX 10 

npo6ax. 

npeflnoMTMTe/ibHbiMM noA/ioxxaMM a/»* 
anexTpoAOB no M3o6peTeHMio pb/wkjtcji MaTe- 
pnayiw, xoTopwe Mcno/ib3yioTCfl xax anexTpo- 
KaTa/iMTMMecKne raso^ue flM4xJ»y3MOHHue 15 
3/ieKTpoAu b Ton/iMBHMx 3/ieweHTax. B o6uieM 
c/»yMae xo/i/iOMAHyk) n/iaTHHy c pa3MepoM na- 
CTwq 15-25 A (1,5-2,5 hm) aACop6npyiOT Ha 
nosepxHocTb nopoujKOBoro yr/ifl (pa3Mep Mac- 
' tmm 50-300 A, 5-30 hm), HanpuMep, nyreM 20 
o6pa30BaHMJi n/iaTMHOBoro pacTBopa na Mec- 
re b fipwcyTCTBMM nopomxoBoro yr/ia, kotopum 
AetfCTByeT xax MHiiquaTop o6pa30BaHus» ueH- 
tpob KpucTafl/insamiM b pacTBope, RnaTHHM- 
3MpoBaHHbie wacTMuw yr/w 33TeM Han/iaB/inioT 25 
Ha 3/ieKTponpoBOAHyio noA/io>KKy. HanpMMep 
3/iexTponpoBOAHyio yro/ibnyio 6yMa'ry, nc- 
no/ib3yji CMHTeTMMecKyio CBsi3yiomyio CMO/iy, 
npeAnoMTme/ibHO yr/ieBOAopoAHyw CMO/iy, u 
b MacTHOCTM no/iMTeTpa<t>Top3™/ieH. B ApyroM 30 
c/iynae MO*eT 6wTb Mcno/ib30BaH okcma n/ia- 
TtiHbi n/iu na^naAMfl c TaxMM ^ce pa3MepoM 
MacTMM BMecTO Ko/i/)onAHo« 'nflaTMHbi, m ero 
aAcop6npytoT na MacTuqu yr/is w/im rpa^wia 
T3KMM xce o6pa30M. Flo ApyroMy cnoco6y CUJA 35 
n/iaTMHM3MpoBaHHbie wacTMMbi yr/w BHeApntOT 
b npeAaapHTe/ibHo npuroTOB/jeHHyw nopM- 
CTyra yro/ibHyro TxaHb v\ CBWHaaiOT c Heft <|>to- 
pMCToyrnepoAHOtS cmo/iom, npeAnoMTMTe/ibHo 
no/iMTeTpa<()Top3TM/ieHOM. HacTonmee M3o- 40 
6peTeHne He orpaHMHMBaeTcn iicno/ib30BaHii- 
eM MaTepna/ioB Prototech, bosmowho 
ncnoflbSOBaHwe Apyrnx aHa/ioniMHwx Maiepw- 
a/iOB Ann noA/ioxex, BK/nonaiomMx nopucTwft 
CBH3aHHbitii cmo/tom c/iom n/i3TMHH3HpoB3H- 45 
hwx, na/inaAMM3npoBaHHbix m/im coAep*amnx 
ApyroM 6/iaropoAHbifi Merann lacTMH rpa<J>MTa 

M/1M 3KTHBMpOB3HH0r0 yr/IB. 



peH. nonn(1,3-6yTaAiieH), xpeMHuftopraHMHe- 
ckmm xayvyx m/im xe/iaTMH. 

CooTHoujenne CBnsyiomero h coAepxca- 
IMMX 6/iaropoAHUfl MeTa/i/i MacTMij yr/ia m/im 
rpa<J>MTa no Becy cocTaB/iqeT 10-75% CBwyio- 
mero m 90-25% axTMBMpoBaHHoro yrna m/im 
rpa<J>MTa, npeAnonTMTe/ibHo 20-50% cBji3yio- 
mero m, cooTBeTCTBeHHo, 80-50% axTMBMpo- 
BaHHoro yr/jj? vrnw rpa(t>nTa. Hano/JHeHne 
6/iaropoAHUM MeTa/iyiOM, HanpuMep nnsrmo^ 
mum nannaAMeM, m/im mx cooTaeTCTBytomnMM ok- 

CMA3MM. VWV\ SOflOTOM WaCTMU aKTMBMpOBaHHO- 

royrnq m/im rpa<|)MTa cocTaB/meT 1-10% Beca 
aKTMBwpoBaHHoro yrfl» m/ih rpa<}>MTa m csj?3y- 
lOiMero, npeAnowTMTe/ibHO 2-8%, eme npeA- 
noHTMTe^bHee 4-6% . 

BMecro HannaB/jeHMfl cMecM CMonw c wia- 

TMHM3MpOBaHHblM MflM na71flaAMM3Mp0BaHHblM 

nopoujxoM axTMBMpoBaHHoro yr/is HenocpeA- 
CTBeHHO na noBepxHOCTb noAXOA«u4eR noA- 
/io*KM. Hanpuwep HenocpeACTBeHHo Ha 
noBepxHOCTb a/iexTponpoBOAHoPi yro/ibHoPi 
6yMarn, CMecb CBs>3yioiAero m n/jaTMHM3npo- 
BaHHoro m/im na/i^aAMM3MpoBaHHoro yro/ib- 
Horo nopoujxa MoxeT 6biTb cycneHAMpoBana 
B noAxoAflme* MnepTHoft cpeAe w HaneceHa 
Ha noBepxHOCTb noAno>KKM c noMoiubio Tpa<|>a- 
peTHOii nenaTM, b pe3y/ibT3Te Kero no^ynaioT 
TOHxyio nneHxy CBnsaHHbix cmo/io« n/iaTMHu- 

3MpOBaHHblX M/IM na/inaAMM3MpOBaHHUX 

yronbHux nacTMM Ha noBepxHOCTM noA/io>KKM. 

KpoMe npAMoro Konn^ecTBeHHoro onpe- 
Ae/ieHun coAepxaHMj? NAflH b pacTBope, 
3/iexTpoAbi m cnoco6 no HacTonmeMy M3o6pe- 

TeHMIO MOKHO MCnOyib30B3Tb A/>« KO/IMMeCT - 

aeHHoro onpeAeneHMj? xo/iMHecTBa NAflH. 
Bbipa6aTbiBaeMoro m/»m pacxoAyeMoro Ha Mec- 
Te, HanpMMep npn (JjepMenTatMBHOM peaxuwM 
Me^fly (jjepMeHTOM m ero KotfjaiaopoM. Taxwe 
peaKUMM BK/iionaiOT, HanpMMep, npeBpaiyeHne 
nMpyBaTa b naxTaT Mepes naxraT AernflporeHa- 
3y 

ziaKTaT- 

Aen/iAPoreHasa 
nMpyBar + NAflH - ». 

— ->. ziaxTaT + NA/IH , 



HecMOTpn Ha to hto npeAnoMTMTenbHbiMM 

CBfl3yK)lUl1MM CMO/iaMM. MCnO/lb3yeMWMM a^« 

CBn3UBaHH5? nflaTMHMSwpoBaHHbix v\m na/ina- 
AMM3M pOBan h m x MacTnq rpa<J>HTa m/im yr/ifl, sb- 
/iaiotch mApo(}>o6Hbie <J>TopMCTo-yr/repoAHbie 

cmo/iu, b MacTHOCTM no/i MTeTpa<()T0p3TMneH , 
mo>kho Mcno/ibsoBaTb APyrne noAxoAflmne Ha- 
Typa/ibHbie m/im CMHTenmecKMe cmo/iw, HanpM- 
Mep nOJ1M3TM/1M6TaKpM/iaT, nO/IMBMHM/iaueTaT, 

no/iMBMHMnx/iopMA. no/iMxap6oHaTbi, no/iM(4- 
MeTM/ineHTeH-1)no/>MM3onpeH, no/iMx/iopon- 



50 
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npMMOM KOHTpo/iMpoBaTb 3Ty peaxuMto MOJKHO 
no yMeHbuieHMK) KOHueHTpauMM NAflH, w 
OKMc/ieHwe miOK03bi ao r/iioKOHO/iaKTOHa no 
peaxiiMM 

r/noK03a 



a - fl-r/7ioK03a + NAflH 



AerMAporeHa3a 



-^-fl-r/iioKOHO/iaKTOH + NA£H, 
KOTOpyio mo*ho KOHTpo/iMposaTb no yBe/iMwe- 
hmk) KOHqeHTpauMM NAflH no Mepe npoxox- 
AChms) peaxMMM. B stom c/iynae c^epMeHT 
TaxoM xax /laxraT AerMAporeHa3a m/im mroK03a 
AerMAporeH33a, MoxeT 6biTb BK/HoneH b c/ioCi 
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vt/iM MMM0.6nnw30BaH na c/ioe nnaTMHM3«po- 
BaHHoro mu na;maAMi3MpoBaHHoro yronbHO- 
ro a/ieKTpofla no HacTonmeMy w3o6peTeHwio c 

nOMOlMbK) /H06ofl WSBeCTHOfi mctoamkm bkjho- 

HeHna <J>epMeHTa, 

Eme b oahom BapnaHTe ocymecTBneHwsi 
Hac-ronmee M3o6peTeHne coAepxoiT 3/ieKTpoA 

H CnOC06, B KOTOpblX C3M (j>epMeHTHblfl 3/ieKT- 
pOA BK/HOHSeT HeTO/lbKO MMM06w/lM30BaHHblfl 
<t>epMeHT,. HO T3KJK6 nOAXOAflMMfl KO<{>aKTOp 

SToro (JjepMeHTa, nn6o NAflH, /iw6o NA£H ksk 
b ashhom c/iynae, tbkmm o6pa30M, <j>epMem-- 
nun aneKTpoA o6;iaA3eT cnoco6HOCTbio aneic- 
TpMnecKM pearnpOBSTb Ha a ktmb HOCTb 
(j>epMeHTa, mto onpeAenneTcn no M3MeHeHW0 
KOHueHTpanMM NAAH npw KOHTaKTe c o6pa3- 
liom, HanpwMep K/iMHWHecKofl M/iM 6no/ioru- 
MecKOfi npoBoft, coAepataujefl cootbctct- 
ayioiuwa cy6cTpaT p.na (fcepMemra, He3aBMCH- 
mo ot Toro, coAep>KMT nv\ o6pa3eu neo6xoAw- 
Mbi« KO<t>aiarop, T3K K3K ero nocTaB/iaeT caM 
aneKtpoA. NAfl mv\ NAflH ko<J>3ktop MOweT 

6blTb BK/IK)HeH B SJieKTpOA J1t06blM nOAXOAfltMWM 
CnOC060M, T3KHM K3K npOnUTKa nOAXOAflAMM 

paCTBopoM NA/J m/im NAAH c noc/ieAyiotuefl 
cyuiKoCi. 

K3K M3B6CTHO B TeXHMKe, nOBepXHOCTb 

3/ieiapoAHoro M3Tepua/i*3 mojkct 6biTb m/iw He 
6biTb 3aiUMiAen3 nopwcTOfi MeMBpsnofl. TaKOd 
k9k no/iwKap6oH3THafi n/ieHKa c pa3MepoM 
nop 0,03 mkm. Mojkho wcno/ib30B3Tb m Apyrne 
noAxoAfiUne MSTepwanu A"f MeMBpaHw. 

Ha <}>wr. 1 npeACTaB/ieH pa3pe3 moah4>m- 
mipoeaHHoro a/ieKTpoxwMWMecKofj aiieMewa 
Rank Brothers, kotopuh wcnonb30B3H nna on- 
peAe/ieHMJi oTseTa NAflH SKTwevpoBSHHOra 
yronbHoro a/ieKTpoAS B'cooTBeTCTBun c HacTo- 
hiamm M3"o6peTeHweM. 

Ha (J>wr. 2 noKaSaH OTBeT 3/ieKTpoAS Ha 
noc/ieAOBaTenbHoe Ao6aB/ieHwe NAflH b a/ie- 

MeHT ripM MCnonb30B3HMH n/l3TMHV13WpOBaH- 

Horo yro/ibHoro 6yMaxHoro 3/ieKTpOA3 (PCP) 
no HacTOfliuewy M3o6peTeHMto: Ha <f Mr - 3 - 
OTBeT 3/ieKTpoAa PCP Ha NAftH npw pa3/iwn- 
hwx paBHOBeCHbix noTeHUwanax Ha Ag/Ag CI 
3/ieKTpoAe; Ha <t>wr. 4 - OTBeT aneKTpoAa Ha 
nupOBMHOrpaAHyio Kucnory b npucyTCTBuw 
/isktsts Aer*iApofeH33bi (LDH); Ha 4>wr. 5 - 
OTeet 3heKTpOA3 Ha sueTsvibAeniA a ripwcyr- 
.CtBiin a/iKoro/ibAerwAPoreHa3bi (A^H): Ha <t>wr. 

6 - OTBeT n/iaTMHM3np0BaHHbix yro/ibHbix 6y- 
. MaMCHux aneKTpoAOB Ha KOHueHTpaijwio 

NAflH no HacTonmeMy M3o6peTeHMK>; Ha <J>nr. 

7 - OTBeT 3/iekTpoAa Ha nwpoBMHorpaAHyro 
Ktic/iOTy; Ha <t>iir. 8 - OTBeT 3/ieKTpoAa Ha 
NAflH, nonyMeHHyio Ha MecTe nyTeM 4>epMeH- 
TaTMBHOro OKMc/ieHMfl miOKoau AerwAPorena- 
3bi; Ha (t>ur. 9 noK33aH3 ana/ioriiMHafl Kpty&an 
Ana aneKTpofla, cOAep>Kamero okcma n/iaTM- 

. Hbi; H3 <t>wr. 10 - KpWBSfl A"" n3n^3AMM3MpO- 



B3HH0T0 3KTMBMp0B3HH0r0 yrOHbHOrO 3/ieKT- 

poAa. 

B cneAytomux npuMepax ncntiTbiBann 
pa3nwMHbie nnaTM HusnpoBaHHue nnn na/ina- 
5 Ann3iipoBaHHbie yro/ibHue 6yMa>KHue (PCP) 
3/jeKTpoAU Ha mx OTBeT Ha NA/JH b moam<|)h- 

UtipOBSHHblX CMCTeMBX P3HK KMC/lOpOflHWX 
3/ieKTpOflOB, K8K nOKa33HO Ha «J>wr. 1 , Moah<|)M- 
UnpoBaHHaa Pshk cucTeMa C0Aep>KMT 3/ie- 

10 MeHT M3 AByx MacTePirocHOBHoro a/teKTpoAa (1) 
m KO/ibueBoro KO«yxa (2), BKniowaioiMWH boa«- 
Hyio KaMepy (3), nepe3 KOTopym MO«eT qupKy- 
/iiipoBaTb BOAa ais pery^npoBaHUH 
TeMnepaTypw 3/ieMeHTa, npimeM o6e stm msc- 

15 tm coeAMHeHbi c noMombio HaBMHMMBaHMn xo- 
Myrs (4). no ueHTpy oCHOBHoro aneKTpoAa (1) 
pacnono«eH3 nnaTMHOBan KOHTaKTHaa KHori- 
K3 (5), Ha KOTopyio noMeiueH wcnuTbiBseMbiw 
Amck (6) M3 6yMa«Horo sneicrpoAHoro MaTSpn- 

20 ana m KOTOpufi yAep^nsaeTcn Ha n/iaTMHOBOM 

KOHTaKTe C nOMOlMbK) pe3MHOBblX 0-o6pa3Hbix 

ynnoTHMTene« (7) w (8) bo BpeMP coeAnneHMfl 
AByx HacTeft sneMeHTa. 

B sepxHeii nacTM 3/ieMeHTa, KOTopuPi co- 

25 Aep«MT wcnuTbiBaeMbiCi coAep>KamviK NA/^H 
pacTBop, ycT3HQB/ieH ynop (9), 4>wKCnpyeMbifl 
pery/inpyeMbiM xoMyTOM (10). B ynop bmohtm- 
pOBan oBpaTHbift nnaTMHOBbiPi sneKTpOA (1 1) m 
Ag/Ag CI STsnoHHbiCi 3/ieKTpoA (12). McnbiTa- 

30 huh npoBOAfT npn noTeHnnane paBonero 
3/ieKTpoAa OTHOCMTe/ibHO 3T3/iOHHoro Ag/Ag 
. CI 3/ieKTppAa b Awana30He 100-600 mB. flpy- 

rue MCnblT3HM51 npoBOA«T B AByX3fleKTp0AH0M 

3/ieMeHTe. B AByxs/ieKTpoAHOM aneMenTe 
35 3/ieKTpoAHbiCi MaTepwan yAep>KMBaeTCfl Ha 

n/13TMH0B0Pl KOHTSKTHOti KHOniCe H3 0CH0B3" 

hvwa 3neMeHT3 c noMOiAbK? nonnKapBoHSTHOd 
(pa3Mep nop 0,03 mkm) MeM6paHbi, Ha koto- 
pyio noASiOT o6p33en, coAepKaiMMii NAflH. 

40' KonbueBofl 3Ta/iOHHwti Ag/Ag CI aneKTpoA 
pacnonoweH BOKpyr n/isTWHOBoro KOHTaKTa b 
OCHOB3HMM 3/ieMeHTa v, OTAeneH ot Hero wso- 
• nwpytomei?! BTy/iKO«, Ha sneMenT noAaraT pas- 
Hoe Hanpn>KeHMe OTHoewTenbHO sTaTOHHoro 

45 sneKTpoAa w 3anncbiBaiOT buxoahom tok npw 

p33HblX HanpfDKeHMHX. 

H3o6peTeHwe wn/irocTpMpyeTcn npMMepa- 
mm, b KOTopux 3/iexTpOAHbi^ MaTepna/i npeA" 
CTaB/ineT co6o« n/iaTMHM3MpoBaHHyio 

50 yro/ibnyra 6yMary (PCP), pa3pa6oTaHHyK) ksk 
ra30Bbie Aw4>(J)y3M0HHbie aneKTpoAbi. PCP 
3/ieKTpoAHbifi MaTepnan nonyMaiOT no MeTOAH- 
Ke, no KOTopotf CHsnana n/iaTMHM3MpyioT wac- 
tmuu yro/ibHoro nopoujKa (Vulcsn XC-72, 

55 HOMMHanbHUH pa3Mep MacTum 30 hm) c no- 
MOlAblO OKMC/lMTenbHOli AecTpyxuMw KOMn/iex- 

ca cy/ib(J)MTa n/iaTMHw b npucyTCTBun 
yro/ibHoro nopouiKa npw McnonbsoBSHwn 
H2O2, b pe3ynbTaTe Mero Kon/iowAHaa rm3TWH3 

C_p33Mep0M M3CTim 1 ,5~2,5 HM 0C3>KAaeTCH Ha 



noBepxHOdb MacTwu yro/ibHoro nopouiKa. 3a- 6ommh, o6paTHbil3 m STa/ioHHbitf 3/ieKTpoAW - 
TeM n/iaTMHM3MpoBaHHu«yroflbHu« nopoiuoK K3K b npuMepe 1. PaBoMnii 3/ieKTpc-A nMeeT 
pacn/iaB/inK>T m HannaB/iwoT Ha noBepxHOdb noTeHuna/i 400 mB m AaeT fioctorhhu^ curHan 
rpa«J>MTM3npoBaHHO« 3/ieKTponpoBOAHOfi 40 mkA Bbiuie oOpaTHoro. Uocne Ao6aB;ieHnn 
yro/ibHOH 6yMarn, Mcno/ib3yn 50% ot Beca 5 2 e^m-it-m A,£JH (neneHb noiuanvt) tok naflaeT c 
nnaTMHM3npoBaHHOftyroflbHo(H 6yMarHrio/tiiT- Hana/ibHOH CKopocrbio 130 mkA/mmh ((J>wr. 5) 
eTpa<J>Top3TwjieHa b KanecTBe CBwyiomero. noKa3WBafl, hto ^epMeHTaTMBHoe npeBpame- 
rio/iyMeHHbiSi n/iaTMHM3npoBaHHbiCi yro/ibHUH Hue aueTa/ibAernAa b 3T8ho/i 3<J><J>ei<™BHO of- 
6yMa»Hbi« 3/ieKTpoAHbift Marepvtan MMeej c/iexMBaeTca Mepe3 nocpeflCTBO NAflH, 
TO/iiMMHy 0.170,5 mm, a n/iaTHH H3n posaH Hbii^ 10 37I6ktpoxmmmm6Ckm CBB3aHHoro c aneKTpo- 
c/ioh 0,24 Mr; cm" ... A"* McnbrraHMfi (npiiMepu aom. 

*-3)yronbHbi^ 6yMa)KHbiPl3/ieKTpOAHbi«MaTe- B c/teAyiomMx npwMepax Mcno/ib30BaHbi 

pwa/i Hape3aiOT Ha ahckm AwaMetpoM 5 mm m *im6o AByxa/jeKTpoAHue. nw6o Tpexa/ieKTpoA- 
yKpennniOT Ha n/iaTMH w3npoB9H hom pa6o46M Hue 3/ieMeHTbi. Tpexs/iexTpoAHbie sneMeHTbi 
3/ieKTpOAe, noKa33HHOM na <t>nr. 1. B Ka)KAOM 15 npoM/uitocTpMpoBaHbi Ha cjwr. 1. 
c/iyMae nnomaAb anexTpoAa M3 yro/ibHoa 6y- 

Maru, conpHKacawiyajicJi c o6pa3qoM, cocTaB- n p n m e p 4 (cj>nr. 6). AaHHwe no/ryneHbi 

nner 0,16 cm no/iyneHbi c/ieAytomne npn Mcno/ib30BaHMM AByx3/iexTpoAHOfi jmefi- 
pe3y/ibTaTbi. km, no/in pwsoBaHHOfi npw 200 mB. Hcno/ib3y- 

n p m m e p 1. 3/ieKTpoxMMMMecKoe okmc- 20 kjt 6ytj>epHi.i« pacTBOp 16 MMo/ib//i NaH2P04, 
zieHiie NAflH Ha n/ia™HM3MpoBaHHOH yro/ib- 53 MMo/ib//i Na2HPCM. 52 MMO/ib//i NaCI, 1.5 
hom OyMare (PCP). MMo/ib//i 3Tn/ieHAnaMMH T8TpayKcycHo£i kmc- 

l4cno/ib3y$i craHAapTHyto noTeHquocTa- noru c pH 7,4. l"toc/ie AOCTMtteHtia b stom 
TMHecxyHD MeTPAWcy. o6pa3uw 20 mM NARH 6y4>epe CTa6nnbHoro o6paTHoro TOKa 6y(J>ep 
pacTBopa b Tpuc-HCI 6y4>epe c pH 9 Ao6aBM/w 25 yAa/i$noT c MeM6paHbi 11 3aM6H$noT o6pa3UOM 
a 3/ieMeHT. coAepJKamna 2 m/i cMecw 0.1 M NAAH b tom xe 6yc|>epe, 0> M KcnpyioT nuicc-Butf 
c()oc<t)aTa c pH 7 m 1 M KCI 6y<t>epHoro pacTBO- tok. Ha <J>nr. 6 noKa3aHbi OTBeTbi n/iaTMHM3n- 
pa. ri/iaTHHM3npoB3HHbiCi yro/ibHbifi 6yMax- poBaHHoro yro/ibHoro 6yMa>KHoro 3/ieKTpoAa 
Hbi« 3/ieKTpoA (PCP) noAAepJKMBaioT noA hwpMbi. kotopmh BKmonaeT CB«3aHHbie cmo- 
pa3Hb!Mii noTeHqua/iaMM no OTHoweHMio k 30 noOi n/iaTHHM3MpoBaHHbie wacTwubi yrnn, Ha- 
3Ta/iCHHOMy Ag/Ag CI 3/ieKTpoAy. 06paTHwfi HeceHHbie Ha 3/ieKTponpoBO A Hyio yronbHyio 
3/ieKTpoA - n/iaTHHosbi«. no/iy^eHbi ynacT- 6yMa*Hyio noA/io>KKy. npuneM CBfl3aHHbifl 
km nc* -: «»HHorG TOKa t<t>nr. 2), nponopMMO- cmo/iom n/iaTMHM3npoBaHHbii/i yro^bHbifi c/iofl 
Ha/ibHbu -OHMeHTpamiM NA^H (Ta6/inua w coAepxwT no Macce 50% no/iMTeTpa<J>TopsTM- 
* wr - ^ 35 zieHa, 45% yr/i^TOHKoro noMO/ia (Vulcan XC72) 

n p^iwep 2.0TBeTNAjHH-3/ieKTpoAHOM m5% KO/i/ionAHoii n/iaTMHbi, npeABapMTe/ibHO 
CMcreMw na nMpn B MHorpaAHyK) KMC/ioTy b aAcop6npoBaHHo« Ha yro/ibHbi« nopouiOK. 
no^cyTCTraviM naKTaT AerMAporeHa3w (LDH) fl/ia MWHMMH3auMti o6paTHoro tokb aACop6w- 

!4cnofl- 3VK>T awa/iorMHHbi?! s.neMeHT, co- pyioT 5 Mr/nn 6e/iKOBoro pacTBopa (r/iioK030- • 
Aep^aiA-'. >2 ;v.\^H m 10 mM nupoBM- 40. OKcuAaaa) na aneKTpoA b TeneHMe homm nepeA 
HorpaAHOii Kmnc o. o J pac. bop? <f>oc<t)aTa M3wepeHneM NAflH, Cnenyei yKa3aTb Ha to, 
b >"Ci 6>^pe c pri :-pm TeMnepaType 25°C. hto rnioK0300KCWAa3a as/uieTcn noAxoAaiUMM 
Pa6oMHM, C>paTHbiM n aTanoHHUM aneKipOAbi 6e/iKOM. 

Ta^Me^e, .r3Ka npMMepe1.Pa6oMWM3/ieKTpoA n p h m e p 5 ((|)nr, 7), 3tot npMMep 

Haxo/)H,\-<i «oa HanpnxeHMeM 400 mB n AaeT 45 M/i/)K)CTpnpyeT npMMeHMMOCTb HacTonmero 
noc-To^ H.-'M-a cwrHayi 170 mkA Bbiiue o6paTHoro M3o6peTenn« M3MepeHM$j Mcno/ib3yiomnx 
TO** noc/ie Ao6aB/ieHMs 120 eflUHnu LDH NAflH cj>epMeHTOB. Mcno/ib3yioT TpexsfleKT- 
(ceD.tiaen«KaTMnXV)TOKyMeHb«JuaeTCJicnep- poflHyw aneiiKy, cnaSxeHHyK) MarHMTHOH Me- 
BOHavanbHOM cKopocfbio 92 mkA/mmh ((J)wr. 4). ujanKoPi. Pa5oHM« 3/ieKTpoA npeACTaB/iner 
3to noKa3biBaeT, mto 4>epMeHTaTHBHoe npe- 50 co6o& n^aTHHH3MpoBaHHyro yronbHyio 5yMa- 
BpameHMe nnpyBaTa b naKTaM s^cktmbho ry, kbk b npMMepe 4, ho L-/iaKTaTAerwAporeH3- 
OTCnexnaaeTCfl c nOMombto NAflH, 3/ieKTpo- 3 y (EC 1.1 ,1 .27 M3 Kopoabero cepAU?) 
XMMMMecKw coeAMHeHHOro c 3/ieKTpoAOM, BHeApntOT b anen-poA nepe3 Kap6oAHMMMAHoe 

n p m m e p 3. OTBeT NAflH-3/ieKTpoAHOPi coeAMHeHMe. 
CMCTeMw »a aqeTa/ibAerMA b npncyrcTBiiw an- 55 nepBOHana/ibHO HnePtxa coAepxwT 12 5 
Koro/ib AerMAporeHa3bi (AAH) Ha PCP anew MMo/ib//i NAflH b 6y<()epHOM pacTBope o',1 
p0A ® Monb//i (J)oc$aTa m 1 Monb/n KCI c pH 7. 

B 3/ieM6HTnoMematOT3 mM NAflH m 35 mM . no/in pMsywmMM noTeHquan cocTaBnseT 
aueTaflbAerMAa 6 2 mji 6yc{)epHoro pacTBopa 350 mB. Yctpo^ctbo moxho ncnonbsosaTb . 
tpmc/HCI c pH 9 np M TeMnepaType 25°C. Pa- w* OTcnexMsaHMS pacxoAa NAJ\H Kor A a b 
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3/ieMeHT flo6aB/iflK)T a/wxBOTu nupoBMHor- 
paAHofi KiicnoTbi, xax noKa3atio Ha pwcyHice. 
n p m m e p 6 ((|>Mr. 8). FlpwMep 5 noBTopn- 

K3T, 33 MCK/llOMeHMeM TQrO, MTO MMM06wflM30- 

BaHHyio yiaKTaTflernAporeHa3y 3aMeH*iOT 
rnioK030flerMflporeHa30ft (EC 1.1.1.47 W3 
Bacillus sp., nocTaB/tneMyio Sigma, 100-300 
Ea/ mt npoTenHa), MMMo6niin30BaHHpW Ha 

3716KTPOA TaKUM >Ke CnOCOOOM. B TO BpeMfl K3K 

/iaKTaTAeriiAporeHa3y wcno/ib3ytOT A"« onpe- 
AeneHVin xo/WMecTBa nupoBMHorpaAHOW kmc- 
/iotu nyreM 0TC/ie>KWBaHiifl pacxoAa NAAH 

nupyBar + NAflH -^ziaxTaT + NA/J 

r/noKO30AeriiApor8Ha3y Mcno/ib3yiQT An« on- 
peAe/ieHMfl xonciMecTBa r/noK03w no Bbipa6oT- 
■<e NA£H 

(i-fl,- r/HOK03a + NAfl rJ> 

— > - r/HOXOHO/iaxTOH + NAAH. 

3/ieM6HT coAep>KMT 0,1 Mo/ib/yi (J>oc<t>aTa. 
0,1 MO/ib//i KCI, 2,4 MMOflb/fl NAfl npn pH 7. 

n p m m e p 7 (c|>nr. 9). Flo MeTOAMice 
npuMepa 4 bwxoa c coAepwamero okcma 
nnaTMHbi yro/ibHoro 3/ieKTpoAa u3MepHK)T 
npw 200 mB (no OTHomenwo k aTanoHHOMy 
Ag/Ag CI anexTpoay) b AByxa/iexTpoAHOM 3ne- 
MeHTe npw pa3/iMMHbix xoHqeHTpauMflx NAAH. 
no/iyneH npaxriiMecxM /lMHefiHbifi otbst, sxbh- 
ea/ieHTHbiiii TOMy. mto nonyMatoT npui n/iaTMHM3M- 
poBaHHbix yro/ibHbix OyMawHbix anexTpoAax. B 
3TOM cnyMae s/iexTpoAHbifl M3Tepna/i bx/jio- 
Maer cnofl CB«3aHHbix cMbnoft (no/WTeTpa<t>- 
.Top3TW/ie.H)yro/ibHbix MacTnu, npMMeM 5% no 
Becy (ot o6mero Beca canaaHHux cmo/ioh 
MacTnu) oxcMAa nnaTMHbi npeAsapnTe/ibHO 
aACop6npoBaHO Ha MacTwuu yro/ibHoro no- 
powxa; CBn3y»omee 50% no secy, yro/ib 45% 
no Becy, m cbhsshhux c noBepxHOCTbio snexT- 
ponpoBOAHOfi Toray (ToproBaa Mapxa) yro/ib- 
ho(* 6yMarn. 

n p m m e p 8 ((})nr. 10). flo MeTOAwxe 
npwMepa 4 buxoa Toxa c na/i/iaAww3MpoBaH- 
Horo yro/ibHoro 6yMa>KHoro anexipoAa M3Me- 
pflK)T npw 200 mB (no OTHOiueHMK) Ag/Ag CI), 
wcno/ib3yn AByxanexTpoAHWfi aneMeHT npw 
pa3/iwHHwx xoHueHTpauunx NA^H. B 3tom 
c/iywae Taxwe MMeiOT /iwHe&Hbiw OTBeT (<J>wr. 
10), SnexTpoAHbiCi MaTepwa/i, xax onucaHO b 
npuwepe 7, wMeeT cBH3aHHwe cmo/ioPi Mac™- 
Ubi yr/isi, xoTopwe Bx/uoMawT 5% no Becy npeA- 
BapuiTenbHO aACop6wpOBaHHOtf n/iaTUHbi 
TOHXoro noMona. 

B onwcaHHbix npuMepax npoAeMOHCTpn- 
poBaHO ncno/ib30BaHne anexTpoAHux MaTe- 
pwaflOB A"n npoBeAeHnq ObtCTporo w 
BOcnpow3BOAHMoro oKMcneHwn NA/JH. 3tm 
OTBeTbi 3HaMHTe/ibHO OT/iwMaioTCH ot pe3y/ib- 
raTOB, KOTopue no/iyMaxn c ApyrMMW 3/iexT- 
pOAHbiMM MaTepnanavin, xax noxaaaHO b 
cpaBHMTenbHbix npuMepax npn ncnonb30Ba- 
hum nnaTMHw, cTex/ioymepoAa nnn rpa<{)MTO- 



Boro a/iexTpoAHoro- Maiepnana, xoTopwe (3a 

peAXHM MCX/1H3HeHMeM) 06WMHO BH3Xlie. OTHO- 

CMTenbHo HewyBCTBHTe/ibHwe m 3HaHWTe/ibHO c 
xyAUJei^ BocnpoM3BdAWMOCTbK3. npeACTaB/ifl- 

5 eTCH, MTO 3t()c|>eXTHBHOCTb MCnoyib30BaHHWX 

nnaTWHM3npoBaHHb)x mv\ naflnaAMH3MpOBaH- 
hux yro/ibHbix 3/iexTpoAOB nsnnejcn pe3ynb- 
T3T0M nx reTeporeHHoPi CTpyxTypw w mx 
coBMecTMMOCTM c 6nofloniMecxMMM Mo^exyna- 
10 mm, TaxuMM xax NAflH m tyepMemu. Oxncne- 
Hwe NAAH Taxxe 3(|)(t)exTMBH0 npoxoAMT b 

n pMCyTCTBMM (J)epMeHTOB M Cy6CTpaTOB M MO- 

>xeT 6biTb i*cno/ib30BaHO b xanecTBe 6a3nca 
j\nn 6wcTporo CBH33HHOro c NAAH (}>epMeHTa- 

15 TMBHOrO HCC/ieAOBaHMfl. 3<|)<j)eXTMBHOCTb mcc- 

' JieAOBaHMft nupyBaTa (c ncnonb30BaHneM 
LDH) m aueTa/ibAerwAa (c. wcno/ib30BaHneM 
A£H) BMAHa M3 npiiMepoB. ho 60/ibiuoe nwcno 
aHanornMHbix Mcc/ieAOBaHuft mowho npoBe- 
20 ctm. ncno/ib3yn Apyrne <})epMeHTy 11 cy6cTpa- 

Tbl. 

TOXOBblCi OTBeT n/iaTMHM3MpOBaH hoPi 

yronbHovi 6yMarn Ha KOHueHTpauwo NA^H 
npw pa3/iiiMHbix paBHOBecHux noTenunanax^ 
25 ct>opMyflaM3o6p.eTeHMn 

1. Cnoco6 npwroTOB/ieHMn 3/iexTpoAOB 
ana xo^umecTBeHHoro 3/iexTpoxnMHMecxoro 
onpeAe/ieHt/ifl 1 ,4-AwrnApoHMXOTMHaMMAa 
■3A6HMH AHHyxvieoTMAa (NA.Q.H) b pacTBope, 

30 BK^toMaioinMM MOAMtJsMxauMio snexTpoAa H3 
yr/iepOAHoro MaTepnana nyreM aACop6unn Be- 
mecTB, CHM>xaiou4Mx nepeHanpn>xeHHfl b peax- 

UMM 3fleXTp00XMC/ieHMfl. OT/lMMaiOU(Mft- 

c n TeM, mtOi c ue/ibio nOBwiueHtia onepaqvi- 
35 ohhoCi CTa6nnbHOCTn 3/iexTpoAa. b xaiecTBe 
yr/iepOAHoro MaTepwana ncno/ib3yx)T CBn3SH- 
HWi^ cmo/iom c/iofl yro/ibHbix wm rpa<t>wTOBi>.x 
nacTULi pa3MepoM 5~30 hm, a b xanecTBe Be- 
lAecTB, CHMSxaKDiMux nepeHanpn>xeHMe peax- 
40 umvi anexTpooxwcneHnn. wcno/ib3yHJT nacTMUbi 
n/iaTUHbi m/ih nannaAnn xo/inonAHoro pa3Mepa 
1,5-2,5 hm. 

2. Cnoco6 no n. 1, OT/iMHaroiAMHcn 
TeM, mto b xaMecTBe cmo/iu wcno/ib3yiOT no/iwT- 

45 eTpac}>Top3Tii/ieH. 

3. CnocoO no n. 1, pTnimaioiMifidc'fi 
TeM, mto CBn3aHHb!Ci cmo/io« cnoPi yronbHbix 

H/1H rpa(J)MTOBblX MaCTMU, C 3AC0p6np08aHHbl- 

mm MacTMuaMw MeTa/i/ia wnw oxmcm MeTan/ia 
50 HaHOCJiT Ha noBepxHOCTb anexTponpoBOAfl- 
mero noAioweMHoro cnon, npeACT3B/isiK)me- 
ro coOoi^i anexTponpoBOAHyro yr/iepoAHyio 
5yMary. 

4. CnocoO no nn. 1 m 3, 0 t n 11 m a ro 114 m Ci- 
55 c n TeM, mto na noBepxHocTM 3/iexTpoAa hm- 

Mo6nnn3yiOT NAD-3aBMCMMbi(i <t>epMeHT. 

5. Cnoco6 non.4, OT/iMMaKJiun^cn 
TeM, mto Ha noBepxHOCTn a/iexTpoAa Aono/iHM- 

Te/1bHO MMM06nnM3yiOT KO<t)aXTOp NAD U/IH 

NADH. 
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(57) Abstract 

A method is disclosed for the quantitative determination of 1,4-dihydronicotinamide adenine dinucleotide (NADH) 
in solution. The method comprises contacting the NADH-containing solution with an activated carbon electrode, main- 
taining the carbon electrode at a controlled, fixed potential effective to cause oxidation of NADH at the electrode surface, 
and measuring the current output from the carbon electrode, wherein there is used a noble metal containing preferably 
platinised or palladised activated carbon electrode comprising a porous, heterogeneous, resin-bonded layer of activated 
carbon or graphite particles comprising the finely divided noble metal preadsorbed thereon, and bonded together with a 
natural or synthetic resin binder, preferably a hydrophobic resin such as polytetrafluoroethylene. 
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AMPEROMETRIC METHOD FOR THE QUANTITATIVE 
DETERMINATION OF 1,4-DIHYDRQNICQTINAMIDE ADENINE 
DINUCLEOTIDE (NADH) IN SOLUTION 

5 This invention relates to a method for the quantitative determination 

of 1,4-dihydronicotinamide adenine dinucleotide (NADH) in solution. 

NADH and its oxidised counterpart NAD are cofactors in numerous 
enzyme catalysed redox reactions. In some, an enzyme substrate is oxidised 
in the presence of cofactor NAD and a suitable oxidase or dehydrogenase to 

10 yield NADH in solution; in others an enzyme substrate is reduced in the 
presence of cofactor NADH to yield NAD in solution. In many cases, 
determination of the NADH concentration can be used as an indicator of 
substrate concentration, or as a means of following the course of an enzyme 
reaction involving NADH (or NAD). 

15 it is known that NADH concentration in solution can be measured 

colorimetrically, but colorimetric methods on the whole are disadvanta- 
geous. Much more advantageous are electrochemical methods, but attempts 
to determine NADH electrochemically have so far not met with any very 
great degree of success. It is known, for example, that NADH concentration 

20 can be determined by an amperometric assay in which NADH is oxidised at 
an electrode at a fixed, controlled, potential, the current passing under 
suitable conditions being proportional to NADH concentration. Unfortu- 
nately the electrochemical oxidation of NADH requires a high overpotential, 
and the NADH is generally not oxidised cleanly at the electrode surface; for 

25 example, in many cases the surface of the electrode is quickly fouled by 
formation of a surface film which affects the size and speed of the electro- 
chemical response: I. Moiroux and P.J. Elving, J. Amer. Chem. Soc. (1980) 
102 , 6533-6538, and D.G. Johnson, M.D. Ryan and G.S. Wilson, Analyt. 
Chem. (1986) 58, 42R. 

30 There have been many attempts to avoid these problems. For 

example, it has been proposed to use modified electrodes coated with a 
layer of conducting organic salts: J.J. Kulys, Biosensors (1986) 2, 3-13. 
Alternatively it has been proposed to use an adsorbed redox mediator such 
as Meldola's blue to couple the oxidation reaction more effectively to the 

35 electrode and/or to lower the oxidation potential: L. Gorton et al., J. 
Electroanalyt. Chem. (1984), 161, 103-20. In another proposal redox 
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mediators have been used in free solution. For example, methoxy phenazine 
methosulphate has been used with a modified pyrolitic graphite electrode: 
Y. Kimura and K. Nihi, Analytical Sciences (1985), 1, 271-4. Other 
experiments have been carried out with platinum, graphite and glassy carbon 
5 electrodes, but as yet no electrochemical method for the determination of 
NADH has been developed which is bath rapid and reproducible. 

In accordance with the present invention it has been discovered that 
NADH can be oxidised cleanly, with good amperometic response, both in 
buffer solutions containing NADH alone, and in solutions containing enzyme, 

10 enzyme substrate and NADH, using an activated carbon electrode of a type 
used in fuel cell technology and comprising a heterogeneous resin-bonded 
layer of noble metal, containing, preferably platinised or palladised (which 
terms as used herein include materials containing or treated with platinum 
and/or palladium oxide, as well as materials containing or treated with 

15 platinum or palladium metal) carbon or graphite particles bonded with a 
natural or synthetic resin bindery preferably a synthetic, hydrophobic binder, 
such as a fluorocarbon resin, most preferably polytetrafiuoroethylene. 
Preferably a platinised or palladised activated carbon electrode is used in 
which the carbon or graphite particles are platinised or palladised by 

20 adsorbing or depositing colloidal platinum or palladium metal, or platinum or 
palladium oxide, onto the surface of the powder particles before bonding, 
the resultant electrode comprising a heterogeneous porous activated carbon 
powder layer with colloidal platinum or palladium, or the corresponding 
oxides, distributed substantially uniformly throughout the layer. The resin- 

25 banded layer of platinised or palladised activated carbon or graphite 
particles may be self-supporting, but will usually be supported by a support 
member, preferably an electrically conductive support member, and prefer- 
ably a layer of electrically conductive carbon paper to which the platinised 
or palladised carbon or graphite particles are bonded as a surface layer, or 

30 impregnated into a carbon fibre web. Whilst the platinised and palladised 
materials are preferred, other noble metal containing activated carbon 
electrodes, e.g. gold containing electrodes, may be used. 

Herein, the terms "platinised" and "palladised* include the oxides 
unless the context requires otherwise. 

35 Also herein, the terms "activated" carbon, "activated" graphite, etc. 

refer to highly porous, high surface area carbon and graphite materials 
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having surface areas of 50 m 2 /g or greater, and more usually in excess of 
200 m 2 /g, e.g. from 200 to 600 m a /g or higher. Such high surface area 
materials are obtained, for example, by heat treatment of carbon or 
graphite powders in steam or CO2 to give a high surface area product 
5 generally referred to in the art as "activated carbon". 

Quite apart from the stability, reproducibility, and rapid response 
times already mentioned, a further particular advantage of the present 
materials is that they can be used to monitor NADH concentrations at 
relatively low potentials, e.g. in the range 0 to 600 mV or even at negative 
10 potentials with reference to the standard Ag/AgCl reference electrode, as 
against the 750 mV and upwards required to monitor NADH concentrations 
using glassy carbon or graphite electrodes. The present electrodes are thus 
characterised by relatively low background current, and hence improved 
sensitivity. The electrodes are also characterised by their low response to 
15 potentially interfering species, such as uric acid, frequently present in 
biological or clinical samples. 

The preferred electrode substrates used in accordance with this in- 
vention are, in fact, commercially available materials sold by the Prototech 
Company of Newton Highlands, Massachussets, and used heretofore as elec- 
20 trocatalytic gas diffusion electrodes in fuel cells. The preparation of such 
materials is described in detail in US-A-4,044,193, US-A-4,166,143, US-A- 
4,293,396 and US-A-4,478,696, to which reference should be made for full 
details. In broad detail, however, colloidal platinum with a particle size in 
the range 15 to 25 Angstroms (1.5 to 2.5 nm) is adsorbed onto the surface of 
25 powdered carbon (particle size 50 to 300 Angstroms : 5 to 30 nm), for 
example, by formation of a platinum sol in situ in the presence of powdered 
carbon which acts as a nucleating agent for the sol. The platinised carbon 
particles are then moulded onto an electrically conductive supporting 
structure, e.g. electrically conductive carbon paper, using a synthetic resin 
30 binder, preferably a fluorinated hydrocarbon resin, and especially polytetra- 
fluoroethylene. Alternatively, platinum or palladium oxide having a similar 
particle size range may be used in place of the colloidal platinum, and 
adsorbed onto the carbon or graphite particles in a similar manner. 

In an alternative, disclosed in US-A-4, 293,396, the platinised carbon 
35 particles are impregnated into a preformed porous carbon cloth and bonded 
therein using the fluorocarbon resin, preferably polytetrafluoroethylene. It 
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is to be understood, however, that the present invention is not limited to the 
use of Prototech materials, but embraces other similar substrate materials 
comprising a porous resin-bonded layer of platinised or palladised, or other 
noble metal containing activated carbon or graphite particles. 
5 • Whilst the preferred resin binders used to bind the platinised or 

palladised carbon or graphite particles are hydrophobic fluorocarbon resins, 
particularly polytetrafluoroethylene, other suitable natural or synthetic 
resin binders may be used, for example polyethylmethacrylate, polyvinyl 
acetate, polyvinyl chloride, polycarbonates, poly(4-methylpentene-l) poly- 

10 isoprene, polychloroprene, poly(l,3-butadiene), silicone rubber and gelatin. 

The proportion of binder to the noble metal containing activated 
carbon or graphite particles, on a weight basis, may range from 10 to 75% 
binder and 90 to 25% activated carbon or graphite, preferably 20 to 50% 
binder and, correspondingly, 80 to 50% activated carbon or graphite. The 

15 loading of noble metal, e.g. platinum or palladium or their corresponding 
oxides, or gold, on the activated carbon or graphite particles may range 
from 1 to 10% based on the total weight of activated carbon or graphite and 
binder, preferably from 2 to 8%, most preferably from 4 to 6%. 

Instead of moulding the resin/activated platinised or palladised 

20 carbon powder directly onto the surface of a suitable support, e.g. directly 
onto the surface of electrically conductive carbon paper, the mixture of 
binder and platinised or palladised carbon powder may be suspended in a 
suitable inert medium, and applied to the surface of the substrate by a 
screen printing technique, thereby providing a thin film of resin-bonded 

25 platinised or palladised carbon particles on the surface of the substrate. 

As well as the direct quantitative measurement of NADH in solution, 
the electrodes and process of the present invention may be used in the 
quantitative determination of NADH generated or consumed in situ for 
example by the enzymatic reaction between an enzyme and its cofactor. 

30 Such reactions include for example the conversion of pyruvate to lactate by 
lactate dehydrogenase, i.e. the reaction 

pyruvate + NADH lactatg dehydrogenase > + NAp 

35 which reaction may be monitored by the decrease in NADH concentration; 
and the oxidation of glucose to gluconolactone by the reaction 
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3 -D-glucose + NAD dehydrogenase^ D-gluconolactone + NADH 



which can be monitored by the increase in NADH concentration as the 
5 reaction proceeds. To this end the activated platinised or palladised carbon 
electrodes used in accordance with this invention may have an enzyme such 
as lactate dehydrogenase or glucose dehydrogenase incorporated into or 
immobilised onto the resin-bonded carbon layer by any of the enzyme 
immobilization techniques known in the art and taught for example in EP-A- 
10 0 247 850. 

In a further modification of this concept the present invention also 
envisages a one off, disposable enzyme electrode and method in which the 
enzyme electrode itself comprises not only the immobilised enzyme, but 
also the appropriate cofactor for that enzyme, either NAD or NADH as the 
15 case may be, the enzyme electrode thus having the capability of responding 
amperometrically to the activity of the enzyme, as determined by the 
change in NADH concentration, when in contact with a sample, e.g. a 
clinical or biological sample, containing the relevant substrate for that 
enzyme, irrespective of whether that sample contains the necessary co- 
20 factor, since that is supplied by the electrode itself. The NAD or NADH 
cofactor may be incorporated into the electrode in any suitable manner such 
as impregnation with a suitable solution of either NAD or NADH and drying. 

As is also well known in the art, the surface of the electrode material 
may or may not be protected by a porous membrane, such as a polycar- 
25 bonate film having a pore size of for example about 0.03 |im. Other suitable 
membrane materials may also be used. 

The invention is further described with reference to the accom- 
panying drawings, in which: 

Figure 1 is a diagrammatic section through a modified Rank Brothers 
30 electrochemical cell used to test the NADH response of the activated 
carbon electrodes in accordance with this invention; 

Figure 2 shows the electrode response to successive additions of 
NADH to the cell using a platinised carbon paper (PCP) electrode according 
to this invention; 

35 Figure 3 shows the response of the PCP electrode to NADH at 

various poising potentials versus the Ag/AgCl reference electrode; 

Figure 4 shows the response of the electrode to pyruvic acid in the 
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presence of lactate dehydrogenase (LDH); 

Figure 5 shows the response of the electrode to acetaldehyde in the 
presence of alcohol dehydrogenase (ADH); : 

Figure 6 is another graph showing the response of platinised carbon 
5 paper electrodes to NADH concentration in accordance with this invention; 

Figure 7 shows the results of another experiment involving the 
response of the electrode to pyruvic acid; 

Figure 8 shows the response of the electrode to NADH produced in 
situ by the enzymatic oxidation of glucose using glucose dehydrogenase 
10 Figure 9 shows the similar response curve for a platinum oxide 

containing electrode; and 

Figure 10 shows the response curve for a palladised activated carbon 
electrode. 

In the following Examples, various platinised or palladised carbon 

15 paper (PCP) electrodes were tested for their response to NADH in a 
modified Rank oxygen electrode system (Rank Brothers, Bottisham, 
■Cambridge) and as shown in the accompanying drawings (Figure 1). The 
modified Rank cell system comprises a two-part ceil having a base (1) and 
an annular jacket (2) enclosing a water chamber (h), through which water 

20 may be circulated to control the temperature of the cell, the two parts 
being connected together by the captive threaded collar (3). Centrally 
located in the base (1) is a platinum contact button (d) onto which is placed 
the test disc (a) of paper electrode material and which is held in place on 
the platinum contact by rubber Q-ring seals (e) and (f) when the two parts of 

25 the cell are coupled together. 

Inserted into the top of the cell, which of course will contain the test 
NADH-eontaining solution, is a stopper (4) supported by an adjustable collar 
(g) and in which are. mounted a platinum counter electrode (b) and an 
Ag/AgCl reference electrode (c). The tests were carried out with the 

30 working electrode poised at various potentials in the range 100 to 600 mV 
with reference to the Ag/AgCl electrode. Other tests were carried out in a 
two electrode cell as illustrated in Figure 16 of EP-A-0 247 850 and as 
described therein in detail. In the two electrode cell embodiment, the 
electrode material is held against a platinum contact button in the base of 

35 the cell by means of a polycarbonate (0.03 jim pore size) membrane and to 
which the NADH containing sample is applied. Surrounding the platinum 
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contact, in the base of the cell, but separated therefrom by an insulating 
sleeve is an annular Ag/AgCl reference electrode. The electrode cell is 
polarised at various potentials relative to the Ag/AgCl electrode and the 
output current monitored at various potentials. 
5 The invention is illustrated by the following Examples in which the 

electrode material is a platinised carbon paper (PCP) as supplied by the 
Prototech Company of Newton Highlands, Massachusets and developed by 
them as gas diffusion electrodes. The PCP electrode material is prepared 
according to the teachings of US-A-4,044,193 by initially platinising carbon 

10 powder particles (Vulcan XC-72), nominal particle size 30 nm) by the oxida- 
tive decomposition of a complex platinum sulfite acid in the presence of the 
carbon powder using H202» thereby to deposit colloidal platinum, particle 
size 1.5 to 2.5 nm, on the surface of the carbon powder particles. Following 
platinisation, the platinised carbon powder is subsequently moulded and 

15 bonded onto the surface of a commercial, graphitised electrically conduc- 
ting carbon paper using approximately 50% by weight, based on platinised 
carbon powder, of polytetrafluoroethylene as the binder. The resulting 
platinised carbon paper electrode material has a thickness in the range 0.1 
to 0.5 mm, and a platinum loading of 0.24 mg.cm" 2 . For the purpose of the 

20 following tests (Examples 1 to 3), the carbon paper electrode material was 
cut into 5 mm diameter discs and mounted on the platinised working elec- 
trode of the cell system shown in Figure 1 of the accompanying drawings. 
The actual area of the carbon paper electrode exposed to the sample in each 
case is approximately 0.16 cm 2 . 

25 The results obtained are as follows: 

EXAMPLE 1 

Electrochemical oxidation of NADH on platinised carbon paper (PCP) 

Using a standard potentiostatic technique, samples of a 20 mM NADH 

30 solution in Tris/HCl pH 9 buffer were added to the cell containing 2 ml of 
0.1 M pH 7 phosphate/1 M KC1 buffer solution. The platinised carbon paper 
electrode (PCP) was poised at various potentials with respect to the 
Ag/AgCl reference electrode. The counter electrode was platinum. Stable 
current plateaus were obtained (Figure 2) which were proportional to NADH 

35 concentration (Table 1 and Figure 3). 
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Table 1 

Current response of platinised carbon paper 
to NADH at various poising potentials 

5 NADH Concentration/mM Current Output in uA at 





100 mV 


300 mV 


600 mV 


0.95 


7 


15 


28 


1.8 


13 


25 


53 


2.7 




32 


73 


4.0 


38 


42 


113 


6.6 




52 


183 


10.0 


60 







EXAMPLE 2 

15 Response of NADH-electrode system to pyruvic acid in the presence of 
lactate dehydrogenase (LDH) 

A similar cell was set up containing 12.5 mM NADH and 10 mM 
pyruvic acid in 2 ml of pH 7 phosphate/KCl buffer at 25°C. The working, 
. counter and reference electrodes were as in Example 1. The working 

20 electrode was poised at 400 mV and gave a steady signal of 170 jiA above 
background. On addition of 120 units of LDH (bovine heart Type XV) the 
current decreased at an initial rate of 92 nA/min (Figure 4) showing that the 
enzymatic conversion of pyruvate to lactate is efficiently monitored via the 
agency of NADH electrochemically coupled to the electrode. 

25 

EXAMPLE 5 

Response of NADH-electrode system to acetaldehyde in the presence of 
alcohol dehydrogenase (ADH) on a PCP electrode 

The cell was set up containing 3 mM NADH and 35 mM acetaldehyde 

30 in 2 ml of pH 9 Tris/HCl buffer at 25°C. The working, counter and refer- 
ence electrodes were as in Example 1. The working electrode was poised at- 
400 mV and gave a steady signal of 40 jiA above background. On addition of 
2 units of ADH (eguine liver) the current decreased at an initial rate of 
130 [iA/min (Figure 5) showing that the enzymatic conversion of acetalde- 

35 hyde to ethanol is efficiently monitored via the agency of NADH electro- 
chemically coupled to the electrode. 
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In the following examples either a two electrode cell or a three 
electrode cell configuration was employed. The three electrode cell was as 
herein described and illustrated in Figure 1. The two electrode cell was 
identical in construction to that shown in Figure 16 of EP-A-0 247 850 to 
5 which reference should be made for further details. 

EXAMPLE 4 (Figure 6) 
The data was compiled using the two electrode configuration polar- 
ised at 200 mV. A buffer of 16 mmol/L Nah^PCfy, 53 mmol/L Na2HP04, 
52 mmol/L NaCl, 1.5 mmol/L ethylenediamine tetraacetic acid, pH 7.4, was 
used. After achieving a stable background current in this buffer, the buffer 
was wiped off the membrane and replaced with samples of NADH in the 
same buffer. The peak current was recorded. Figure 6 shows the responses 
from a platinised carbon paper electrode as commercially available from the 
Prototech Company and comprising resin-bonded platinised carbon particles 
deposited on an electrically conductive carbon paper backing sheet, the 
resin-bonded platinised carbon layer comprising, on a weight basis, 50% 
polytetrafluoroethylene, 45% finely divided carbon (Vulcan XC72) and 5% 
colloidal platinum preadsorbed onto the carbon powder. To minimise the 
background current a 5 mg/ml protein solution (glucose oxidase) was ad- 
sorbed onto the electrode overnight prior to NADH measurements. It should 
be noted that the glucose oxidase is merely an example of a suitable protein. 

EXAMPLE 5 (Figure 7) 
This illustrates the applicability of the invention to measurement of 
the substrates of NADH-utilizing enzymes. A three electrode cell was used 
as previously described but equipped with a magnetic stirrer bar. The 
working electrode was platinised carbon paper as in Example 4, but L- 
lactate dehydrogenase (EC 1.1.1.27 from beef heart) was immobilised to the 
30 electrode via carbodiimide coupling, see EP-A-0 247 850, but using a 
1 mg/ml solution of lactate dehydrogenase (from Sigma Chemicals, type XV, 
500 units per mg protein). The cell contained 12.5 mmol/L NADH initially, 
in 0.1 mol/L phosphate/1 mol/L KC1 buffer, pH 7. The polarising potential 
was 350 mV. The apparatus could be used to monitor the consumption of 
35 NADH when aliquots pyruvic acid were added to the cell, as shown in the 
Figure. 



10 



15 



20 
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EXAMPLE 6 (Figure 8) 
Example 5 was repeated except that the immobilised lactate dehy- 
drogenase was replaced by glucose dehydrogenase (EC 1.1.1.47 from Bacillus 
• spp, supplied by Sigma, 100-300 U/mg protein) immobilised onto the 
5 electrode in a similar manner. Whereas lactate dehydrogenase is used to 
measure pyruvic by monitoring NADH consumption 

pyruvate + NADH =► lactate + NAD 

10 the glucose dehydrogenase is used to measure glucose by following NADH 
production: 

3-D-glucose + NAD : 9> D-gluconolactone + NADH 

15 The cell contained 0.1 mol/L phosphate/0.1 mol/L KC1/2.4 mmol/L NAD, 
pH 7. 

EXAMPLE 7 (Figure 9) 
Following the procedure outlined in Example 4, the current output of 

20 a platinum oxide containing carbon electrode is measured at 200 mV (against 
a Ag/AgCl reference electrode) in a two electrode cell at various NADH 
concentrations, and shows a substantially linear response equivalent to that 
of the platinised carbon paper electrodes. In this case the electrode 
material comprises a layer of resin-bonded (polytetrafluoroethylene) carbon 

25 particles (Vulcan XC72) having 5% by weight (based on total weight of the 
resin-bonded particles) platinum oxide preadsorbed onto the carbon powder 
particles; binder 50% by weight, carbon 45% by weight, and bonded to the 
surface of electrically conductive Toray (trade mark) carbon paper. 

30 EXAMPLE 8 (Figure 10) 

Once again, following the procedure outlined in Example 4, the 
current output of a palladised carbon paper electrode is measured at 200 mV 
(against Ag/AgCl) using the two electrode cell configuration at various 
NADH concentrations. Once again the response (Figure 10) is substantially 

35 linear. The electrode material is as described in Example 7 save that the 
resin-bonded carbon particles comprise 5% by weight preadsorbed finely 
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divided palladium. 

The above Examples demonstrate the use of the electrode materials 
to produce a rapid and reproducible oxidation of NADH. These responses 
are in marked contrast to those given by most other electrode materials, as 
5 demonstrated in comparable experiments using platinum, glassy carbon, or 
graphite electrode materials, which (with rare exceptions) are generally 
sluggish, relatively insensitive, and of much poorer reproducibility. The 
effectiveness of the platinised or palladised carbon electrodes we have used 
appears to be a result of their particular heterogeneous structure and its 

10 compatibility with biological molecules such as NADH and enzymes. The 
oxidation of NADH also proceeds efficiently in the presence of enzymes and 
substrates, and can be used as a basis for rapid NADH-coupled enzymatic 
assays. The potential for efficient assay of pyruvate (using LDH) and 
acetaldehyde (using ADH) is clear from the above Examples, but a very 

15 large number of similar assays are also accessible using other enzymes and 
substrates. 

Although the invention has been described herein solely with refer- 
ence to the determination of NADH in solution, phosphorylated 1,4-dihydro- 
nicotinamide adenine dinucleotide (NADPH), i.e. phosphorylated NADH, may 

20 be determined by exactly the same technique. Moreover, since NADPH (or 
NADP) is a cofactor in a selected group of enzyme catalysed reactions, 
rather than NADH (or NAD), the technique of this invention enables such 
reactions to be monitored in exactly the same way, i.e. by amperome'trically 
determining either the consumption or the production of NADPH in solution. 

25 Thus all references herein to NADH, or NAD, are to be taken to include the 
phosphorylated derivative unless the context requires otherwise. 



< 



< 
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CLAIMS 

1. A method for the quantitative determination of 1,4-dihydronicotin- 
amide adenine dinucieotide (NADH) in solution which comprises contacting 
5 . the NADH-containing solution with an activated carbon electrode, maintain- 
ing the carbon electrode at a controlled, fixed potential effective to cause 
oxidation of NADH at the electrode surface, and measuring the current 
output from the carbon electrode, wherein there is used a noble metal 
containing activated carbon electrode comprising a porous, heterogeneous, 
10 resin-bonded layer of activated carbon or graphite particles having finely 
divided noble metal or the corresponding oxides preadsorbed onto the 
activated carbon or graphite particles, and bonded together with a natural 
or synthetic resin binder. 

15 2. A method according to claim 1, wherein said resin binder is a fluoro- 
carbon resin. 

3. A method according to claim 2, wherein said fluorocarbon resin is 
polytetrafluoroethylene. 

20 

4. A method according to any one of claims 1 to 3, wherein the resin- 
bonded noble metal containing carbon or graphite particles are formed as a 
resin-bonded surface layer on an underlying support member. 

25 5. A method according to claim 4, wherein the underlying support 
member is electrically conductive. 

6. A method according to claim 5, wherein said electrically conductive 
support member is a layer of electrically conductive carbon paper to which 
30 said noble metal containing carbon or graphite particles are bonded as a 
surface layer. 



35 



7. A method according to any one of claims 1 to 3, wherein the resin- 
bonded noble metal containing carbon or graphite particles are impregnated 
into and supported by a carbon fibre web. 
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8. A method according to any one of claims 1 to 7, wherein said noble 
metal containing carbon or graphite particles have a particle size in the 
range 5 to 30 nm. 

5 9. A method according to any one of claims 1 to 8, wherein said carbon 
or graphite particles are pre-platinised or pre-palladised particles having 
finely divided platinum or palladium, or the corresponding oxides, preadsor- 
bed onto the graphite or carbon particles. 

10 10. A method according to claim 8, wherein there is used a platinised or 
palladised carbon electrode comprising as said pre-platinised or pre-palla- 
dised carbon or graphite particles, carbon or graphite particles having 
particles of colloidal platinum or palladium metal pre-adsorbed onto the 
surface thereof, said colloidal platinum or palladium particles having a 

15 particle size in the range 1.5 to 2.5 nm. 

11. A method according to any one of claims 1 to 8, as applied to 
monitoring the production or consumption of NADH in an enzymatic 
reaction between an enzyme and its substrate and involving either NADH or 

20 NAD as a cofactor. 

12. A method according to claim 11, wherein there is used a noble metal 
containing carbon electrode having said enzyme incorporated or immobilised 
thereon or therein, and in which the electrode is used to monitor the 

25 activity of the enzyme via the change of NADH concentration when the 
electrode is in contact with a sample containing the enzyme substrate and in 
the presence of either NAD or NADH as a cofactor involved in the reaction 
between the enzyme and its substrate. 

30 13. A method according to claim 12, wherein there is used a noble metal 
containing electrode having said enzyme incorporated or immobilised there- 
on or therein in conjunction with the NADH or NAD cofactor, as appropri- 
ate, the NADH or NAD cofactor thus being introduced into the sample via 
the electrode. 

35 

14. A one off, disposable enzyme electrode for use in the method of 
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claim 13, comprising an activated carbon electrode consisting of or compri- 
sing a porous, resin-bonded heterogeneous layer of activated carbon or 
graphite particles having a finely divided noble metal, or the corresponding 
oxide, preadsorbed onto the activated carbon or graphite particles, and 
5 bonded together with a synthetic hydrophobic resin binder, said resin-bonded 
layer having an enzyme immobilised therein or thereon in conjucntion with 
NAD or NADH as a cofactor for said enzyme, said electrode responding 
amperometricaUy to the activity of said enzyme, when in the presence of its 
substrate, and said NAD or NADH as the case may be. 

10 

15. A one off, disposable enzyme electrode according to claim 14, 
wherein said activated carbon electrode comprises a . porous, resin-bonded 
heterogeneous surface layer of pre-platinised or pre-palladised activated 
carbon or graphite particles bonded with a f luorocarbon resin, and supported 

15 on an underlying support member, and having said enzyme and said cofactor 
imobilised therein or thereon. 

16. A one off disposable enzyme_ electrode according to claim 15, 
wherein the underlying support member for said resin-bonded layer of pre- 

20 platinised or pre-palladised activated carbon or graphite particles comprises 
an electrically conductive carbon paper. 
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